Objectives: Carpal tunnel syndrome (CTS) may develop with repetitive and forced movements of the hands and wrists. In this study, we have aimed to evaluate whether the frequency of CTS is increased amongst female hairdressers as compared with unemployed women or not. Besides, we have also analyzed whether the functionality and pain intensity levels amongst female hairdressers with CTS are different from the ones of unemployed women with CTS or not. Material and Methods: The consecutive female hairdressers and unemployed women who had referred to our electroneuromyography (ENMG) laboratory for the upper extremity nerve conduction studies were included. They were evaluated in terms of clinical and ENMG findings, socio-demographic characteristics, functionality and pain intensity levels determined with the Boston CTS Questionnaire and visual analog scale (VAS). Results: In this study, 110 women (70 female hairdressers and 40 unemployed women) were included. The frequency of CTS among hairdressers (74.3%) was higher than the one of the unemployed control group (55%) (p = 0.032). We detected that as the time period of occupation in hairdressing increased, the risk of developing CTS also increased among hairdressers (p < 0.001). Additionally, pain intensity and functional loss levels were higher for hairdressers with CTS than those for the control group with CTS (p = 0.005, p < 0.001, p = 0.028, respectively). Conclusions: The frequency of CTS is elevated for female hairdressers with respect to the unemployed women as in many other occupations requiring forced or repetitive hand movements. Besides, the occupational exposure in hairdressing also results in more elevated pain intensity and functional loss levels related with CTS as compared with the unemployed subjects. Int J Occup Med Environ Health 2018;31(3):333 -339
INTRODUCTION
Carpal tunnel syndrome (CTS) is an entrapment neuropathy that occurs as a result of compression of the median nerves due to the increase in the pressure in carpal tunnel [1] . Various systematic diseases (e.g., diabetes mellitus, thyroid dysfunction, and rheumatoid arthritis), pregnancy, obesity, osteoarthritis, and repetitive wrist movements could precipitate the development of CTS [1] [2] [3] . Prevalence of CTS is higher for women and in several occupational groups [1] . Depending on the nature of various professions, CTS may develop as a result of using vibratory instruments, frequent hand flexion and extension, and IJOMEH 2018;31(3) 334 The aim of the study has been explained to all participants. Each participant read and signed an informed consent form. Our study was approved by the Sakarya University, Faculty of Medicine Ethics Committee. Each participant was examined by the same neurologist. Each participant was diagnosed as having CTS or not based on typical findings in disease history and physical examination. Typical CTS findings were defined as the presence of recurring nighttime or activity-related numbness or tingling involving the palmar aspects of at least 2 of first 4 fingers and relief of the symptoms with hand shaking completely or partially. The presences of positive Tinnel or Phalen's test and of median nerve sensory or motor deficit were considered as supportive findings for the diagnosis. Therefore, the participants were divided into 2 groups as hairdressers and controls. Demographic data (age, being a hairdresser or not, employment period) was recorded. The patients with CTS also filled in the Boston Carpal Tunnel Syndrome Questionnaire [8] and Visual Analog Scale [9] in order to evaluate pain intensity levels and functionality.
Nerve conduction studies
Nerve conduction study was conducted on both arms (total: N = 220) at room temperature by using Nihon Cohden electromyograph (EMG) device. It was conducted with superficial electrodes using standard nerve conduction techniques in accordance with the American Association of Electrodiagnostic Medicine (AAEM) practice guidelines [10] . Median and ulnar nerve sensory and motor conduction studies were conducted, and F wave responses of both nerves were recorded. Upper extremity needle ENMG studies were carried out in order to exclude cervical radiculopathy. In order to exclude polyneuropathy, sural nerve sensory conductions were examined in both lower extremities, and peroneal and tibial motor nerve conductions were examined in a lower extremity. We measured the amplitudes and latencies of forceful wrist movements [4] [5] [6] . Hairdressing is associated with using some devices and techniques which are believed to precipitate the several health problems like CTS, tendinitis and epicondylitis. It is reported that prevalence of CTS for hairdressers is higher as compared to the rest of the society due to the usage of scissors and other tools for a long time [7] . To the best of our knowledge, there is limited information regarding the relation of CTS and hairdressers in our community. In this study, we have aimed to evaluate whether the development of CTS is associated with occupational factors among female hairdressers or not. Besides, we have also analyzed CTS-related pain level and functionality for female hairdressers with CTS.
MATERIAL AND METHODS

Study population
This study was conducted in the electroneuromyography (ENMG) laboratory of our neurology clinic between March 1, 2016 and April 30, 2016. The consecutive female hairdressers and unemployed women who were referred to our ENMG laboratory for the upper extremity nerve conduction studies were included. Inclusion criteria were determined as follows: being female, being aged between 18-45 years old, being voluntary to participate in the study (for both groups), being a hairdresser (for the hairdresser group) and being unemployed or not working regularly (for the control group). Male subjects were not included in the study. The patients who had history of neurologic or psychiatric disorders such as polyneuropathy, radiculopathy or stroke, and medical histories that might cause chronic pain and precipitating CTS such as diabetes mellitus, thyroid disease, wrist fracture, connective tissue disorder, rheumatoid arthritis, morbid obesity, vitamin B 12 deficiency, peripheral circulatory failure were excluded from the study. All subjects in the study and control group were age and body mass index (BMI) matched. questions, and therefore it varies between 1 and 5. Higher scores indicate the decreasing of functional capacity more severely. Mean score is calculated individually for symptom severity and functional capacity subscales. The symptom severity scale has 11 questions whereas the functional capacity scale has 8 questions [14] .
Visual Analog Scale (VAS) [9]
The patient is asked to mark the pain and paresthesia level on a ruler indicating 0 to 10 points [9] . Turkish version of VAS test has a high validity and reliability for CTS [15] . 
Statistical analysis
RESULTS
In total 110 patients (70 female hairdressers and 40 unemployed females) referring to our ENMG laboratory with the suspicion of CTS were included in the study. The average age was similar between the hairdresser group (31.1±7.3 years) and the control (29.4±6.3 years old) group (t = 1.236, p = 0.219). Any significant difference was not determined between the hairdressers with right upper extremity CTS and the controls. However, those for hairdressers with left upper extremity CTS and bilateral upper extremity were significantly higher than the ones in the control group (Table 1) . The rate of CTS occurrence either in right or left arm median and ulnar motor nerve responses by supramaximal stimulation technique over abductor pollicis brevis and abductor digiti minimi muscles. Sensory conductions were evaluated from 2nd and 5th fingers, respectively. Our laboratory normative values for median nerve conduction studies were as follows: < 4.2 ms for distal motor latency (DML), > 6 mV for compound muscle action potential (CMAP) amplitude, > 50 m/s for motor conduction velocity (MCV), < 3.5 ms for distal sensory latency, > 15 μV for sensory nerve action potential (SNAP) amplitude and > 45 m/s for sensory conduction velocity (SCV). Ulnar and median sensory nerve conduction studies were also applied over wrist-to-fourth finger segment for the hands in which the standard nerve conduction studies were normal. The distal sensory latency difference over than 0.4 ms between median and ulnar nerve were accepted as abnormal for the fourth finger sensory conduction studies [11] . The patients with CTS were graded in 4 groups based on nerve conduction study findings [12] : -no CTS -normal median nerve conduction values, -mild CTS -decreased median nerve SCV and normal median nerve DML, -moderate CTS -decreased median nerve SCV and pro longed DML, -severe CTS -absence of median SNAP and prolon ged DML.
Boston Carpal Tunnel Syndrome Questionnaire (BCTSQ) [8]
The questionnaire is specific to complaints of hands with CTS. It consists of 2 scales evaluating symptom severity and functional capacity [8] . Turkish validity and reliability of the questionnaire is available (Cronbach's α 0.82 for symptom severity scale and 0.88 for functional status scale) [13] . In each item, there are 5 different questions that could be answered quantitatively with a stratified point scale from 1 to 5. The mean score is determined by dividing the total score into the number of IJOMEH 2018;31(3) 336 difference was not determined between the hairdressers with CTS and the controls with CTS in terms of distribution based on electrophysiological grades of CTS (Table 2) . However, the means of symptom severity subscale and functional capacity subscale scores of BCTSQ for hairwas higher in the hairdresser group (74.3%) as compared with the control group (55%) (p = 0.032). Professional working years of hairdressers with CTS were significantly longer than those of hairdressers with no CTS (15.1±6.8 vs. 6.7±5, p < 0.001). Any significant orders [22] . In another study, Armstrong et al. reported that CTS, epicondylitis and tendinitis were frequently observed among hairdressers [7] . In this study, we have detected that the CTS frequency among hairdressers is higher than for the control group composed of unemployed participants. As there was a great difference in the rate of CTS in left sides of hairdressers as compared with the ones of unemployed subjects, we have suggested that the constant flexion-extension movement in wrist to use the scissors, hair dryers and blow dryers strain the left arms of the hairdressers more than right side. Besides, the forced steadiness of the left wrist in flexion position during the usage of combs while cutting and flattening the hairs could probably cause the thickening of flexor retinaculum gradually and therefore development of CTS prominently in left arms of hairdressers within years. Future studies with larger study populations are needed to report hairdressing profession as an absolute risk factor for CTS. Carpal tunnel syndrome and other musculoskeletal system disorders developing due to many occupations cause labor losses and pain symptoms. As indicated in the studies, pain and functional capacity losses in upper extremities developing due to CTS cause disability and decrease patients' life quality [22] [23] [24] . In a study evaluating risk of disease due to the hairdressing profession, the pain level occurring due to CTS and other musculoskeletal system disorders was reported to be higher for hairdressers as compared to those who were not hairdressers. The researchers suggested that the reason of the pain was associated with staying standing up for a long time, working in leaning posture and long-lasting repetitive movements [22] .
We have found that hairdressers with CTS have significantly higher mean occupational periods than those without CTS. We have also suggested that this is correlated with duration of occupational exposure and severity of electrophysiological findings, in accordance with the previous research. Furthermore, the scores of BCTSQ which is used for evaluation of pain level and functional capacdressers with CTS were significantly higher than the ones in the controls with CTS. Besides, the mean score of VAS for pain for the hairdressers with CTS were significantly higher than the one in the controls with CTS (Table 3) .
DISCUSSION
The occurrence rate of CTS is revealed to be higher for several occupations, particularly those requiring forced or repetitive hand movements. In this study, the frequency of CTS was determined to be higher for hairdressers than those for the control group. The pain intensity and functional loss rate was higher for hairdressers with CTS than those for controls with CTS. The long professional working years of hairdressers increased the risk of CTS and the pain intensity level related with CTS. Carpal tunnel syndrome is a frequently seen public health problem. Although diverse tests and methods have been proposed for the diagnosis of CTS, clinical findings and electrophysiological evaluations are regarded as the most reliable diagnostic tools [16] . Robinson et al. have used the sum of the 3 comparison tests just described to improve the reliability as well as the sensitivity and specificity of NCS to diagnose CTS. Abnormal is defined as 0.9 ms and has a sensitivity of 83% and specificity of 95% [17] . Even though its incidence is reported to be in a large interval such as 0.1-10%, CTS is observed more frequently for employed people than unemployed people in the general population [18] [19] [20] [21] .
Hairdressing is a common occupation as a service sector in Turkey, and hairdressers use their hands intensively while working. To the best of our knowledge, there was not any isolated study indicating the frequency of CTS among hairdressers in the current literature or the one analyzing whether the hairdressing profession was a risk factor development of CTS or not. In a study of Bradshaw et al., it was reported that hairdressers had more musculoskeletal disorders and higher associated pain intensity levels than controls analyzing occupational exposure related dis- ity in CTS and ones of VAS which is used for assessment of pain intensity level are found to be high and correlated with severity of electrophysiological findings in many studies [25] [26] [27] .
In accordance with that, the BCTSQ and VAS scores are significantly higher for hairdressers with CTS than for unemployed subjects with CTS in our study. We have thought that the reason is that CTS determined with electrophysiological methods are more common among hairdressers. We consider the lack of male hairdressers as the main limitation of this study which is conducted with the aim of determining the effect of hairdressing profession on the risk of development of CTS.
CONCLUSIONS
The frequency of CTS is elevated among female hairdressers with respect to the unemployed women as in many other occupations requiring forced or repetitive hand movements. Besides, the occupational exposure in hairdressing also results in more elevated pain intensity and functional loss levels related with CTS as compared with the unemployed subjects. Future studies are warranted to highlight whether the informing hairdressers about CTS symptoms, shortening daily working hours, receiving trainings preventing development of CTS may play an effective role in protecting from disease or not.
